and immune responses to exercise. The purpose of this study was to investigate the 22 levels of resting and post exercise IL-6 when measured in venous plasma, saliva and 23 capillary plasma. Five male and five females completed 2 separate exercise trials, 24 both of which involved standardized exercise sessions on a cycle ergometer. Venous 25 blood and saliva samples were taken immediately before and after Trial A, venous 26 and capillary blood samples were taken immediately before and after Trial B. IL-6 27 values were obtained using a high-sensitivity enzyme-linked immunosorbent assay 28 (ELISA). In Trial A venous plasma IL-6 increased significantly from 0.4±0.14 pg/ml 29 to 0.99±0.29 pg/ml (P<0.01) while there was no increase in salivary IL-6. Venous 30 plasma and salivary IL-6 responses were not correlated at rest, post exercise or when 31 expressed as an exercise induced change. In Trial B venous and capillary plasma IL-6 32 increased significantly (venous: 0.22±0.18 to 0.74±0.28 pg/ml (P=<0.01); capillary: 33
Introduction 42
Interleukin-6 (IL-6) is an important biomarker in metabolic syndrome [1] , and is also 43 reported to play a mechanistic role in the development of many disorders, including 44 chronic fatigue syndrome [2] and clinical depression [3] . The discovery that IL-6 is 45 released directly from exercising muscle [4] has led to an increase in the volume of 46 research investigating the impact of exercise on plasma concentrations of IL-6. IL-6 is 47 also considered to play a major role in a number of signaling pathways that govern 48 metabolic, inflammatory and immune responses to exercise stimuli [1, 5, 6] . 49 IL-6 is typically measured in the serum or plasma from whole blood samples, which 50 are obtained using standard venipuncture techniques or, in the case of repeated 51 samples, via venous catheter. Whole blood is generally considered the body fluid that 52 most accurately represents the systemic response to a given stimulus. Importantly, 53 however, venous blood collection is invasive and can prove impractical in situations 54 where access is difficult [7] . 55
The potential to use saliva or capillary blood samples in the place of traditional 56 venous blood samples could be advantageous in settings where venous blood 57 sampling is practically difficult. Some salivary proteins (such as cortisol and 58 testosterone) are directly derived from the blood and therefore are considered to 59 similarly reflect systemic responses. Thus, salivary levels are often used as surrogates 60 for blood-borne levels of these analytes [8] . Capillary blood sampling is regularly 61 utilized to measure health-related biomarkers (e.g. blood glucose, cholesterol, 62 triglyceride levels), and is also used to measure exercise-related biomarkers (e.g. 63 blood lactate, glucose, haematocrit, haemoglobin) in research and applied sports 64 science environments. However, research into the validity of such measures has 65 demonstrated the importance of evaluating the relationship between measurementsobtained from venous versus capillary blood samples, and hence the standardization 67 of the procedures involved in both sampling and analysis [9, 10] . 68
Several studies have investigated the potential for saliva to be used as a surrogate of 69 blood to measure IL-6. Sjögren et al. (2005) found that while serum and salivary IL-6 70 levels were not correlated with each other, they were both negatively related to 71 psychosocial resources and positively related to psychosocial risk factors [11] . measured plasma and salivary IL-6 in a cohort of 45 athletes; while they found no 77 correlation at rest, the authors suggested it was possible that the pattern of regulation 78 could be related in response to exercise [14] . 79
Importantly, to our knowledge, no study has compared the cytokine responses to 80 exercise in capillary and venous blood. IL-6 remains a regularly measured biomarker 81 in numerous fields of research, and a more practical and convenient method of 82 sampling would facilitate less invasive and time-consuming procedures. 83
Therefore, this study aimed to investigate the relationship between IL-6 levels as 84 measured in venous plasma, saliva and capillary plasma, both at rest and in response 85 to exercise. 86 87
Materials and Methods

89
Participants 90 91
Ten healthy active individuals (5 male, 5 female) aged 25.5 ± 7.8 yr (mean ± SD) 92 gave informed consent to participate in the study. Subjects completed health/physical 93 activity questionnaires to ensure normal dietary and exercise habits before each test. 94
All participants were free of injury and illness prior to and throughout the study. 95
Ethical approval was obtained via ethics committee and conformed to the declaration 96 of Helsinki. 97 98
Experimental Procedure 99
Participants were tested for maximal aerobic capacity using an incremental exercise 101 test on an electromagnetically-braked cycle ergometer (Lode Excalibur, Groningen, 102 Netherlands). Expired gases were measured using an online gas analyser (OxyconPro, 103
Erich Jaeger GMBH & Co., Hoechberg, Germany), and heart rate was measured 104 continuously via short-range telemetry (RS400, Polar Electro, Finland). Each stage of 105 the incremental exercise lasted 3 minutes, with required power output being increased 106 by 30W at each stage until volitional exhaustion. Males began the test at a required 107 power output of 100W while females began at 50W.
peak was recorded as the 108 
Results
160
In Trial A plasma IL-6 increased significantly in response to exercise from 0.4±0.14 161 pg/ml to 0.99±0.29 pg/ml (P<0.01) (Fig. 1A) . There was no significant change in 162 salivary IL-6 pre to post exercise (P=0.12) (Fig. 1B) . There was no correlation 163 between plasma and salivary IL-6, whether expressed as an exercise-induced change 164 
Discussion
186
In this study the exercise induced increase in IL-6 was observed in plasma and 187 capillary samples but not in saliva (Fig.1) . This study confirms the modest increases 188 in plasma IL-6 seen with similar high intensity interval exercise protocols [15] . to an exercise stimulus. 212
In conclusion, this study confirms previous observations that salivary IL-6 does not 213 change in response to aerobic exercise [12] , and should not be used as a surrogate for 214 systemic IL-6 responses, either at rest or in response to exercise. Conversely, IL-6 215 measured from capillary blood appears to be sensitive to exercise, and apparently 216 shares the same pattern of regulation as is seen in venous blood. However, caution 217 should be applied when interpreting these preliminary findings and further 218 investigation is required; in particular, the impact of exercise on capillary IL-6 should 219 be investigated within different cohorts undergoing a range of different exercise 220 protocols. 221 222
